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Abstract: Zinc oxide, which has photocatalytic activity, is used as a white pigment for cosmetics,
resulting in a certain amount of sebum on the skin to be decomposed by the ultraviolet radiation in the
sunlight. In this work, zinc phosphates as novel white pigments for use in cosmetics were prepared
from zinc nitrate and sodium dihydrogen phosphate, and then ball-milled under various conditions.
The chemical composition, powder properties, photocatalytic activity, color phase, moisture retention,
and smoothness of the zinc phosphates were studied. The zinc phosphate particle size was decreased
by mechanical treatment. In particular, the sample treated with sodium lactate solution had much
smaller particles. The milled zinc phosphates exhibited less photocatalytic activity than zinc oxide,
and thus should not decompose sebum on the skin. The milled zinc phosphates showed sufficiently
high reflectance within the range of visible light to act as novel white pigments. The sample treated
with sodium lactate solution had higher water retention than the sample treated with water. Further,
the slip resistance and roughness of the powder particles decreased as a result of treatment with
sodium lactate solution.
Keywords: white pigment; zinc phosphate; mechanical treatment; photocatalytic activity; water
retention

1 Introduction
As white pigments, titanium dioxide and zinc oxide are
used for cosmetic applications [1]. These oxides are
well known to exhibit photocatalytic activity.
Therefore, when these compounds are included in
cosmetics, a certain amount of sebum on the skin is
decomposed by the ultraviolet radiation in the sunlight.
To repress this effect, several technical processes have
been investigated and used, including composite
particles with silicon oxide [2]. However, such
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materials are too hard for use on the human face.
Instead, soft materials are required for use as white
facial pigments. In addition, one report found that
micro fine oxides are absorbed through the skin [3].
Therefore, novel white pigments that are not absorbed
by the skin and do not exhibit photocatalytic activity
should be developed to protect the skin.
Phosphates have been used as ceramic materials,
catalysts, fluorescent materials, dielectric substances,
metal-surface treatments, detergents, food additives,
fuel cells, pigments, etc. [4,5]. Phosphate materials are
well known to have a high affinity for living organisms
and are therefore expected to be useful as white
pigments in cosmetics.
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When used as cosmetic pigments, the particle shape
and size distribution of the phosphate particles are
important. Homogeneous spherical particles are
expected to spread well on the skin. However, overly
small particles are unsuitable because the pigments
might enter the pores of the skin. Generally,
sub-micrometer size pigments are used. In the earlier
studies [6–8], we prepared titanium and zinc phosphate
pigments with no catalytic activity. However, zinc
phosphates had particle sizes larger than 1 µm [8];
therefore, a process to obtain small zinc phosphate
particles is required. For inorganic materials, it is well
known that mechanical treatment has an influence on
particle properties [9,10]. Therefore, the present work
is undertaken to obtain homogeneous zinc phosphate
particles by mechanical treatment.
The moisture retention of materials used in
cosmetics is important for preventing dry skin. Sodium
lactate and glycerin improve the moisture retention of
materials and are therefore generally used in cosmetic
products. The addition of sodium lactate is effective
for obtaining spherical particles and moisture retention
with zinc phosphates [8]. Therefore, in this work,
sodium lactate and glycerin were used as milling
media.
In this work, as a novel white pigment, zinc
phosphate was prepared from zinc nitrate and sodium
dihydrogen phosphate, and then ball-milled under
various conditions. To obtain homogeneous small
particles, the milling time and media were studied.
The chemical composition, powder properties,
photocatalytic activity, color phase, moisture retention,
and smoothness of the milled materials were studied
for applications in cosmetics.

2 Experimental
Solutions of zinc nitrate (0.1 mol/L) and sodium
dihydrogen phosphate (0.1 mol/L) were mixed in a
Zn/P molar ratio of 3:2 at room temperature for more
than 1 h. The mixed solution was adjusted with
ammonia solution to pH = 5. The precipitates were then
filtered off, washed with water, and dried at room
temperature over 3 days. All chemicals used in this
work were of commercial purity from Wako Chemical
Industries Ltd. (Osaka, Japan) and used without further
purification.
The samples (2 g) were placed in a polypropylene
pot (38 mL) with 6 mullite balls (average weight
1.66 g, diameter 10 mm). This pot was rotated with a

ball-mill (Nitto Ball Mill ANZ-10S, Nitto Kagaku Co.,
Ltd.) at 190 rpm for 12, 24, 36, and 48 h. To clarify the
effect of the milling media, the samples (2 g) were
treated with 10 mL of water for 12, 24, 36, and 48 h, or
with 10 mL of ethanol for 12 and 24 h. Mixed
solutions (10 mL) prepared from 70 wt% sodium
lactate and water or from glycerin and water (1:9, 3:7,
and 5:5) were used as the milling media for 12 h. The
milled samples with solvents were filtered off and
dried over 24 h.
The crystalline phases of these materials were
analyzed using X-ray diffraction (XRD). The XRD
patterns were recorded on an X-ray diffractometer
(MiniFlex, Rigaku Corp.) using monochromated Cu
Kα radiation. The particle shape and size of the zinc
phosphate precipitates were estimated based on
scanning electron microscopy (SEM; JGM-5510LV,
JEOL Ltd.) images. The particle size distributions of
these materials were measured using a centrifugal
precipitation particle-size analyzer (SA-CP3L,
Shimadzu Corp.).
The cosmetic properties of these materials were
estimated according to the photocatalytic activity, color
phase, moisture retention, and smoothness. The
photocatalytic activity of the samples was estimated
using the decomposition of methylene blue under
irradiation at 365 nm [11–13]. The decomposition of
methylene blue was estimated using the absorption at
660 nm (UV2100, Shimadzu Corp.). The color phase
of the phosphate pigments was estimated from
ultraviolet–visible (UV–Vis) reflectance spectra
(UV2100, Shimadzu Corp.; reference compound
BaSO4). To determine the moisture retention of the
samples, 0.3 g of the samples was mixed with 0.1 g of
water, and the weight loss was evaluated at 50 ℃
(MS-70 Moisture Analyzer, A&D Instruments Co. Ltd.;
relative humidity 50% – 60%). The same weight loss
over a longer time indicates higher water retention in a
sample. The particle smoothness was measured on
artificial leather based on a KES-SE objective
evaluation of the surface friction properties (Kato Tech
Co., Ltd.). The MIU (average value of µ over a
distance of 20 mm) and MMD (degree of fluctuation in
MIU) values represent the slip resistance (coefficient
of kinetic friction) and roughness of the powders
(dispersion of the coefficient of kinetic friction),
respectively. The sample powders were spread onto the
leather (load of sample, about 50 mg). A sensor was
run over the powders (scan speed 1 mm/s, area
scanned 3 cm2), and the MIU and MMD values were
calculated from the power required to move the sensor
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and the pitch of the sensor, respectively. The MIU and
MMD have no units because they are related to the
coefficient of friction and scattering, respectively. The
dispersions of the MIU and MMD values were 0.03
and 0.002, respectively, for three measurements.

3 Results and discussion
3. 1

Crystalline phase and powder properties of
zinc phosphates

Intensity (a.u.)

Figure 1 shows the XRD patterns of the samples
treated for various time without milling media. All the
samples have peaks corresponding to zinc phosphate
tetrahydrate, Zn3(PO4)2·4H2O [14]. The strongest peak
in the sample without milling appears at ~19.5°; on the
other hand, the treated samples have the strongest
peaks at ~31.5°. By milling, the crystalline phase
corresponding to 19.5° decreases.
Figure 2 shows SEM images of the samples treated
under various conditions. The sample without milling
have plate particles (Fig. 2(a)). Through treatment
without milling media, the plate particles become
smaller (Fig. 2(b)). The samples treated with water,
sodium lactate aqueous solution, and glycerin aqueous
solution have smaller particles than the samples treated
without milling media.
Small and homogeneous particles are suitable for
cosmetic applications. However, overly small particles
have a major shortcoming in that they may enter the
pores of the skin [3]. Generally, sub-micrometer sized
pigments are used. A standard size of white pigment

2θ (°)
Fig. 1 XRD patterns of the samples treated for various
time (without milling media): (a) 0, (b) 12, (c) 24, (d) 36,
and (e) 48 h. ○: Zn3(PO4)2·4H2O.

particles for use in cosmetics is difficult to determine
because skin pore sizes are affected by factors such as
age, gender, and climate. Furthermore, overly large
particles are inappropriate because their coatings tend
to crack on the skin. It is therefore important to control
the pigment particle size. Figure 3 shows the particle
size distributions of the samples treated without
milling media for various time. The sample without
mechanical treatment has particles larger than 10 µm.
Mechanical treatment increases the amount of particles
with sizes smaller than 10 µm. These results
correspond with the results from the SEM images.
Figure 4 shows the particle size distributions of the
samples treated with various milling media. The
sample treated with ethanol has a slightly larger
particle size distribution than the other samples. On the
other hand, the samples treated with water, sodium
lactate solution, and glycerin solution have smaller
particles than the sample treated without milling media.
In particular, the sample treated with sodium lactate
solution has much smaller particles than the other
samples. Sodium lactate solution is effective as a
milling media to prevent the aggregation of particles.
3. 2

Cosmetic properties of milled phosphates

Figure 5 shows the photocatalytic activities of the
samples treated under various conditions. Because it is
used as a white pigment in cosmetics, zinc oxide was
evaluated for comparison with zinc phosphate [1].
Methylene blue is decomposed in the presence of
zinc oxide under UV irradiation (Fig. 5(h)). On the
other hand, zinc phosphate shows little photocatalytic
activity irrespective of the milling time or media
(Figs. 5(b)–5(g)), which indicates zinc phosphate is a
mild material that can protect sebum on the skin. This
is an importance characteristic of zinc phosphate as a
novel white pigment.
Figure 6 shows the UV–Vis reflectance spectra of
the zinc phosphates treated under various conditions.
All samples show high reflectance within the range of
visible light irrespective of the milling time or media.
All samples obtained in this work are sufficient as
white powders.
Moisture helps to prevent itchiness and damage to
the skin. It is important that the pigments used in
cosmetics retain moisture on the skin. Figure 7 shows
the moisture retention of the samples treated with
various concentrations of sodium lactate. At the same
retention time, a smaller weight loss indicates higher
moisture retention of the phosphate pigments. For
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(f)

10 m
Fig. 2 SEM images of the samples treated under various conditions: (a) untreated, (b) without milling media for 12 h, (c) with
water for 12 h, (d) with ethanol for 12 h, (e) with 5:5 sodium lactate aqueous solution for 12 h, and (e) with 5:5 glycerin aqueous
solution for 12 h.

example, at 10 min, the sample treated with 0%
sodium lactate solution (namely water) has a 14.7%
weight loss (Fig. 7(a)), whereas the sample treated
with 3:7 sodium lactate solution (3 mL sodium
lactate/7 mL water) has an 11.7% weight loss
(Fig. 7(c)). The sample treated with 3:7 sodium lactate
solution has higher water retention than the sample
treated with water. Sodium lactate is effective for
improving the moisture retention. In the previous
work [15], the addition of sodium lactate also
improves the moisture retention of zinc phosphate.
This improvement is caused by the inherent water
retention characteristic of sodium lactate and the easy

incorporation of sodium lactate into zinc phosphate
materials. These zinc phosphate white pigments
with moisture retention are suitable for cosmetic
applications.
As described above, a pigment with a high level of
smoothness spreads well across the skin, and powder
smoothness is important for use in cosmetics [16].
Table 1 shows the smoothness of the samples prepared
under various conditions. Generally, for cosmetic
applications, suitable MIU and MMD values are lower
than 0.6 and 0.04, respectively. The sample treated
with ethanol has a higher MIU value than the other
samples, whereas the sample treated with 5:5 sodium
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Particle size (m)
Time (min)
Fig. 5 Photocatalytic activities of the samples treated
under various conditions: (a) blank, (b) untreated zinc
phosphate powders, (c) without milling media for 48 h,
(d) with water for 48 h, (e) with ethanol for 24 h, (f) with
5:5 sodium lactate aqueous solution for 12 h, (g) with 5:5
glycerin aqueous solution for 12 h. (h) ZnO.

Reflectance (%)

Number of particles (%)

Fig. 3 Particle size distributions of the samples treated for
various time (without milling media): (a) 0, (b) 12, (c) 24,
(d) 36, and (e) 48 h.

Particle size (m)
Fig. 4 Particle size distributions of the samples treated
with various milling media for 12 h: (a) no milling media,
(b) water, (c) ethanol, (d) 5:5 sodium lactate aqueous
solution, and (e) 5:5 glycerin aqueous solution.
Table 1 Smoothness of the samples treated under
various conditions
Time
(h)
0
12
36
12
12
12
12

Water
0
0
0
10
0
5
5

Solvent (mL)
Ethanol Glycerin Sodium lactate
0
0
0
0
0
0
0
0
0
0
0
0
10
0
0
0
5
0
0
0
5

MIU

MMD

1.037
1.107
1.013
1.043
1.140
1.057
0.727

0.011
0.011
0.011
0.011
0.012
0.007
0.011

lactate solution (5 mL sodium lactate/5 mL water) has
a lower MIU value. As well as decreasing the particle
size and improving moisture retention, sodium lactate
is effective for improving the smoothness of zinc
phosphate.

Wavelength (nm)
Fig. 6 UV–Vis reflectance of the samples treated under
various conditions: (a) untreated zinc phosphate powders,
(b) without milling media for 48 h, (c) with water for 48 h,
(d) with ethanol for 24 h, (e) with 5:5 sodium lactate
aqueous solution for 12 h, and (f) with 5:5 glycerin
aqueous solution for 12 h.

4 Conclusions
Zinc phosphates were obtained from zinc nitrate and
sodium dihydrogen phosphate solutions, and then
ball-milled. Water, ethanol, sodium lactate solution,
and glycerin solution were used as milling media. The
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Weight loss (%)

References

Time (min)
Fig. 7 Water retention of the samples treated with various
concentrations of sodium lactate for 12 h: (a) 0:10, (b) 1:9,
(c) 3:7, and (d) 5:5 sodium lactate/water.

XRD peak patterns indicated that the samples
consisted of zinc phosphate tetrahydrate, and the XRD
peaks became weaker following mechanical treatment.
The zinc phosphate particle size decreased with
mechanical treatment, and the sample treated with
sodium lactate solution had much smaller particles
than the other samples. The milled zinc phosphates
exhibited less photocatalytic activity than zinc oxide,
thereby protecting sebum on the skin. The milled zinc
phosphates had high reflectance within the range of
visible light. The samples treated with sodium lactate
solution showed higher water retention than the sample
treated with water. Finally, the slip resistance and
roughness of the powder particles decreased as a result
of treatment with sodium lactate solution.
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